
.
&-

l---. .1.-
“.,a_#&r~_ .

f;(-)Ut .-
*- —..-.... ..___

A ...__ ._%-:” ”:”...=
“>-+==

-“J.
m?.

“, .Xw---yxia.-.i:if’,
.*

,,e:
r

/

- “m.----.--~-
...-—

--- TECHNICAL NOTES .. —---

1

.

NAT I?X+AL ADVISORY COMMITTEE

. .
-i.

. ---“.

-. NO . 591

FOR AERONAUTICS ‘ ...-

i

FULL~SCALIC SPAN LOAD DISTRIBUTION ON A:TAPEREl)
,/’

YITH SPLIT FLA$’S OF V~RIOU&”;PANS

By John F. Parsons and Ahe Silverstein.
Langley Memorial Aeronautical Laboratory

.

b’

Washington
l?ebr.ua~y 1927

.

._-- —=

. . .

,“

-... . . . . . —.

-— . —.—

. — . .._,: -.-.< -a

.-— —_ ._

.. . -l—.-.-..-.,.=—..=.— ..
<

—

,.. . -,.. —..
-. . . . -.--—.

. —. .



● ,r

8

.’

,. ~lllki~ll~mF==:
,__311760i433’’l756 :.. -.

r
.

NAT IONAL.+ADVISORY COMMITTEE FoR. QR@T~UTICS —.

—
---—. .

TECHNICAL NcTE NO. 591

-
“FULL SCALE SFAN L@AD DISTRIEUTION ON A TA~ERED WII.IQ

,.
WITH SPLIT FLAPS OF VA,RICUS”.SP@S .

.._

By John F. Parsons and Abe Silverstein

SUMMARY

-.

Pr8ssure-distr~bution tests were ccnducted in th,e ,
full-scale wind tunnel on a 2:1 tapered U,S..A. 45 airfoil
equipped with 2“0 percent chord split. trailing-edge flaps
of varisus spans. A special installation was employed in
the tests utilizing a half-span airfoil mounted vertically
above a reflection pl”ane. The airfoil ha’s a constant- —

chcrd center section “and rounded tips and is tapered in
thickness from 18 percent c at the root to 9 percent c a%
the tip. The aerodynamic characteristics, given by “the
usual dimensionless- coefficients, are presented grapliic- —

ally as functions of flap span and angle of attack as well
as Iy semispan load diagrams. The results indicate, .in

‘ general, that only a relatively small increase in the nor-
mal-force coefficient is to ~e expectedly extending the
flap span of an airfoil-flap combination, simil,ar to the
one tested, beyond 7(3 percent of the wing span.

INTRODUCTION

Prerequisite to the accurate design and structural
analysis of a wing incorporating flans is a comple~e —

knowledge of “the aero~ynamic properties of” the combina-
tion. A reasonable amount, of detailed inform.aticn on the. .
effect af split trailing-edge wing flaps “upon the section
characteristics of an airfoil is availabLe, notably the

.

full-scale investigation reported in reference 1. Infor-,
mation regarding the effect of flap spah on the span-load ●

I , distri~ution is lacking. at present, although an additional
investigation is under way to provide more detailed “infor-

S mation similar to that reported herein. The data included
in the present report are the r.e,sults of prpssute 3i%%3rUI!3-
ments made along the span of a 2;1 ta-p,ered U.S*A. =5” air-

# foil equipped .wi,,th20 percent chor3_ split trailing-edge
flaps of various spans. .. ~

—
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. —--- —-



The results presentid were’ i.n.cid.entally derived dur-
ing ether tests ofi the airfoil. Hence the results as
presented are not so comprehensive as desirable; howe~wr,
they provide inter’ee.tin~””an”d useful data, ‘m~hich justify
their presentqtl~n in view of the inadequacy of informa-
tion :5X” this nature.

. .--< .,.d. -....” “ ‘. .*. “....”-..., ~“. *“?
APPARATUS .— .“

Airf%i.l.- The airfoil used in this investigation (fig.
1) is the starboard half-span portion of the 2:1 tapered
U.S.Ai. 45 airf&iL described in reference 2. The full-
Span EL~rfOi~. has.a span of 45.75 feet, an a~p~ct ratio Of
6.20, a mean chcra of 7.38 f~t, afid &n area of 337”.50
square feet. The ordinate-s of the root se’etion af+he atr-
foil, thickness 18 percent, are given in ial?le 1.

—.
Pres-

sure Cirifi.ces are installed in the airfoil (reference 2)
st- the lateral l~caticjns shown in figure lL “

. .

SDlit-type trailing-edge wing fl@s (figs. 2 and 3)
extending 35.5, 71.0, and 97.6 percent of the semispan
frem tAe plane of~ymmet-ry were installed on the airfoil.
The pl:fwOOa flaps,. tapered. in plan ?20rm, were hinged at
80 percent-of the wing chord. A flap-chord to *ing-chord
ratio (If O-2 was maintained for all flapsand all sec-
tions idon~ t“he f~ap spati. No pr&&sure orifices were ilI-
stallecl on ‘the flaps. ....-.

..

Inatimuch as the-airfoil used was primarily designed
for operation without flaps, the ailerons were desfgned
without eonsidenation of future flap installation. For
this invastigation~ the aileron slots were theref.or+cov-
ered for all &ts ~XcePt for a comparison of the half-
and full-s-pan ‘ai”rfnils without flaps;-

Reflec”tion nlane.-..— The half-span airfoil was mounted
vert”ica,lly a%ove a reflection plane, which intersected
t-he ai’r:foil at the plane of ~ymmeimy (figs. 2 -d 3). The
reflect:lcn. p~e consists ofl a number of wooden panels
bolted together ta f~m a plane surface, 30 feet wide by
49-feet long, tang$”lt tp the lower surface of t~q e.nj.r.an.c.e
cons. .= ---- ...-
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Ma’z.ameter Q.- Two multitube liquid manometers were
used toreco.rd- simultane~u’~ly the individual orift-ce
pressures. A“ detailed d~scr”iption of the m~pmet.er.~ apd..
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.

their operation is given in reference 2. The pressure
tubes from the orifices to the manometers-were collected
within the airfoil anil were not exposed to the air stfiearnt

!@nnel.- The tests were. conducted in the N.A.C.A.
full-scale wind tunnel. A description” of the tunnel a-n~
auxiliary apparatus is given in reference 30 ‘F”igures-2
and 3 are photo~raphs of the airfoil with flap .instaIl”a-
tio.n mounted vertically in the tunnel above the reflec~
tion plane.

—-

TESTS —-

In order to substantiate the validity o-f the test re-
sults reported herein! a comparison’ with the full-span-
airfoil results reported in re”feren”c”@“2””was’ made-. ‘7-res- –
sure-distribution tests, prelimin-af-y to the mai”n flap in-
vestigation, were made on the half-span airfoil. The test
conditions of the full-span airfoil tests, other t=n the
manner of support, were reproduced. Th6 main inve~tfga-
tion consisted of measurements of pressure aistrikutiori-.—_

over the half-span airfoil as a plain airfoil and as o-tie=
provided with flaps of three spans, each-flap being set a%
two angles.

, ___ .-=_-..—.=- --—

All-tests were made at a Reynolds Nupl?er of a~Qr?xt-
mately 3,800,000, %ased. on the gean chord of the a~rfoil
(7.38 f“8e.t). Four .manometer exposure-s, providing four
separate and distinct sets of instantaneous pt’essur==t$~-
urements over th-e airfoil, were made at each _of fc.ur afi-
gles of attack throughout the normal-flight range. The
four. pressure measurements, at each pressure orifice, were”
averaged ~n plotting the section p-ressure diagr~ms.
Throughout the irivestigatioji ~h-e cendition d-f“Cl yaw and
Oo roll for the airfoil-was ma>-ntainq$. - — ._

RESULTS

Pressure measurements were limited solely to the
pressures on the wing inasmuch as””the_ flaps”wer”e ridt
equipped with pressu”re orifices. The m6”asured pressures
therefore indicate the load upon the ying, ~ncluding the
effect of the flap upon the wing, and not the total load.
upon the wing-flap corn%.ination”i ,.-.

. ..... —..—
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In ~rder to obtain values of htal load, the data #
presented in reference 1 were used. The ratios of flan
load “to wing load, “from reference 1“,

—.
wkro..a$$lied di~=ctly

to the present tapered-wing results. This procedure ig be-
lievecl to be reasonably accurate for the angle-of-attack
range ifivestigated inasmuch as both series of ~sts were
made with 20 percent chord flaps and under, sim.i.lar test
conditions. The data from re-fere~ce “1 are presented as
section ,characteristics and have been .d”$rectly applied.
Although it ig known that this procedura”.~s not without
error, owing to the effectiti airfoil thl~kness upon the
flap charact=istiics, an error as large as 25 percent in
the determination Of the flap load will cause an error of
only 6 gercent in the total wing-f-lap combination load.
This methcd of oltaining the total load will cause larger
errord in the caee.~f the l~ngitudin,al center-of-pressure
locati~n ’and the piiching.moment .caeffi~ienfi ; hence these
characteristics are qualitative rather than exact.

Prior to tihe pressure-di st~ibution tests, surveys of
t-he velocity and the air-stream. angle were made with the
reflection plane in plac~. Figure 4shows the variation

d

in dynamic pressure above the refl.ection” plane and on a
verblcs.1 cente-r line Of t-he tunnel coincident wit-h the 25
percent chord Une of the airfoil. ,.- ,...’!-. ..

The test results are presented graphically’ in the
form of. diqens.~onless coefficients. All results have
been corrected f~r the influence of the j-et boundary and
for th{~ ef~ of blocking (references 4 and $). Local
air-stn’eam angles and dynamic-pressure corrections have
been applied at each orific+ s~tion fn computing the
section pressure distribution. In addi.ticn tithe for@-
going corrections, a correction fcr the air-stream curva-
ture 0$ the j~t based nn the chbr”d-jet height ratio (rbf-
erence 6) has been applied only to the te$t datia used in
&he comparison between the full- and half-s~an airfoils
without flaps. In previcus full-scale wind~tunnel tests
“this correction has been neglected since it is generally
small. For comparative purposes, however, the correcti~n
was cc.nsidered necessary fn view of the large difference
in ~t height for the two” test set-ups. The results of
the fla]>” investigation included herein have net been cor-
rected io~ air-stream curvature as it iS n.egl.J.gib$e and
the manner of tiu~~ort- was identical fur all teeig. ___ . ●

.—>“ .-

The ‘results of the tests of the wing-flap combina- -
tions are yresented as plots of the normal-force and ● .

,.-.—,.. ..-- .- _...—.
_-.~~’
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pitch ~ng-mcment coefficients and longitudinal and lateral
center-of-p”ressure locations a~ainst angle of attack. In
aid.ition , plots of semispan load distribution, of typical
section load distribution, and of other ‘airfoil characteri-
stics are gtven.

Values of the sectio,n normal-force coefficient on
and pi’ th,e lon.git~~inal center-of-pressune .looat.icns along
the secticn f-or the wing” porticn of the wi-ng,-.flap com&i,na-
tio”n mere determined fro,m section load @fag,rams of orif~ce
pressure against section chord, as follows: .

. .
,

cn=~
qc -—

and longitudinal center-of-pressure location from the
quarter-chord. point, ~A/ A :

.-

.-.
—

is the. integrated. area of the section pressure
diagram. r

. .—

>— ..
integrated moment of .areq of {he section pres-
su~e diagram about the quarter~chord” point of
the section chord.

--
.—

.-

s~ction chord.

dynamic pressure,
.

The section mormal-force” coefficient and the longitu-
di-nal center-of-pressure location along the sect..icn cf the
wing-flap combination were obtained from the measured
~rossures by applylng corr~ction factors, derived from the
data of”referenc”e. 1,”‘fGr flap load” and flap center of
pressure.. TypicaL .sectipn load ti;ik.grams ‘are shown in fig-
ure 5 for a sectj.on 114-1/4 inc”hes outboard of the wing
center line. The figure shows secti”o”i”load diagrams, at
a~proximately the same angle of attack, 14°, for the ~lain
wing and for, the 97,6 percent ‘span flap deflected 20° and

.—

60°. The prassure measurements Cver >he’-wing poition of
the combination c.re shown. by the experimental p,oints; the
pressure distribution .otier the flap w“as ccmputed.

● .
It is nscessary tC use’s factor other than Cn to

—

represent the span-load distribution on ta~ered wings be-
● cause the chord of the–tiing vart”es–along the span. Plots ““

— -.-.,
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of—the relative normal loadings K at the orifice sta-
tions alon~the span for the various tegt condi.tlona are
show+, in figures 6 to 12. The factor K is nondimen-
sional ahd.is defined by

.

..—

K=cn sect-ion chord——
semispan

.

Valu%s of the wing normal-force coefficien~- CN, tie
total pitching-momen$ ~o~fficient about the root quarter-
chord poi”nt, and”the longitudinal and lateral center--of-
pressyre locations far the wing-flap combinations as de-
rived by the pressure plots and corrected fur flap load
are presented in figures 13 to 16. The values of c~ ,
cm the longitudinal center-of-pressure location in

c/4’
percenkg~ o~.the rgpt chord from the leading edge of the
root chord,” and the lateral center-of-pressure location in
percentage of the semispan from the plane of. symmetry were
deterinined as follows:

.

At
CN -..__; lateral c’.p. = !!&Xz

~: AI <

cm
&Ii 1

cm+ = ——; longitudinal c,p. = ~“ -
c/4 z

‘F

Q
z CN

where - At

...
.-

.
~

.s —--

1. ----

t

=.Id----

..- ==
.-

*
,..-...—. ... -,

●

---

. .-.._-. ---

“1
.-u

*

is the integrated area Qf th,e semispan
load diagram.

. ... 2.7A. ..... .
intmg’rated moment of= area of the semispan
load iliagram aboub.the plane of symmetry.

., .-,

in~egrated. ~rea,~f “t~~ sem’ispan moment
d“5’~gra&”~the sectioq pitching moments
about “the quarter-chord point were computed
fio”ti”section Cn and C.P. positis.ns and
p16tted. against the semispanv ... . - .

.. -..

total airfoil area.s, . .
.— ,
.-.-
— b,.—.- airfioil span. ..- .-

S/b:mean chord of airfoil,
.i-.....-

root chord of airfoil.cl,

-.
:..
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The presented data, have keen corrected fc”r local air-
stream angle and dynamic pressure .as well as- for ‘Wing
washout and may be considered as a“pplying to an un=warp”e”t”
airfoil in a unifarm-velocity field. In” the presentation
of the data it is to be noted that the chord forces on the
airfoil have been neglected; i.e. , the longitudinal center-
of-pressure, positions and the pitching-moment coefficients
mere derived solely from consideratibm of the normal fore’~s.

The variations of the lateral and longitudinal center-
of-pressu=r.e locations are shown (figs. 17 and 18) plotte~
against flap span in percentage of the wing syan for the
two flap angles tested. ..=. ?.— --- .:

.—

The effectiveness of extending the flap span of the
20 percent chord flaps as.tested on the U-.S.-A. ~~ airfoil
is s~own in figure 19 for’tw”o fi.ap angles and for the” s”ev-
eral angles of attack investigated. This effec~fv6ness,--
or relative efficiency, of added incr@ents of flap span
is defined as the rate of increase of

.-

CN
mi%h flap sja~~.

So as not to limit the use of the curves to a specific
profile-or span, the”effectiveness as ~lo..ttedis the rate

.. .:

of increase of c~ , ~n li6rms of CHO ~the normal<forca ‘

coefficient of the plain wing at the same “angle of at-
tack); with flap span in percentage of f~e~ing iipan.— ..= -—-.

DISCUSSION m =--—...- E_.-.

Inasmuch as the size and position of the flaps in the
present investigation mere Iimite”d, a cornpti-e~e_nsfi=-an-aly-
sis of the data is at present unwarra-fited. The “presented’
results are, however, believed to be of an interesting “and
importapt nature and of suff~cient accuracy for us; ~n the

..

design of similar wing-flap combinations; ““ i-

Figu~e 5 shows the effect of the fl”ap upon yhe pres-
--.“:-

sure distribution over the rest of ‘the wing chord “a~~~s
similar to that shQwn in” refereuce 1.

. .-

‘The following observatiti-ns, which in general would be
anticipated, are made from the semispan .lo’ad-di-a~ra’rn~
given in figures 6 to 12..

●
A ma”rked simiiir%ty~ot-ic~-””

able in the shape of the loading GUm” for the plain wing
and the wing with the 97.6 percent” span “flap a-t i~e Same

●
valu& of CN ; the effect of the fl”ap is to “shift the ‘li-
cation of the longitudinal center of pressure aft.. For

“
.
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the patitial-.span flaps an abrupt drop In loading is cn -
cmuntered at the t-lap tip and, when compared with the
plain. wing at, the same value of “UN, an increase or

. -. -.

.?...“..
“-

.. .....
:=...

—-. .-

-.—-—------
.—..Z

_ ‘“3.$~a
.,~

building up ~f load inboard and a ‘decrease outboard .0$ the
flap tip are evidenced. . .

.

Figur-e 13 affords”” a cornparigon between tests of th~
half-span airfoil mounted vertically abcve a reflection
plane a.iidthe full-span airfoil (reference 2), of the same
profile and p2an form, mounted horizontally on the wlnd-
tunnel center Line. The results of the two tests compare
fa~-crably with the exception ●.f a 0.5 0 displacement c1’ the
normal-f”orce coefficient curves. The 1310~eS ~f..the CM

curves are identical and the discrepancy in angle of attack
may be atitrlbuted t~ combined errors in measuring the atr-
stream angle and angle of &ttack.

..-,. .-.
—— ...— —

The aerodynamic characterist-lcs of the airfoil as
equipyod With. the flaps of difierent length and for flap’
deflecfji;ns of– 2C0 and 60° are shown in figures 14 t~ 18.
The re~~ults are much as expected and are similar to those
f~om urevious tes~s of split trailing-edge wing flaps.
For- both” flap -arigles tested, the location of the lateral
center tif “pressure moves outboard with an increase h flap
span, a.t all angles of attack investigated (fig. 17).
This trend is reasonable inasmuch aS the load is increaeed
ov~ that portion of the wing equipped wi-th the flap, as
shown by an inspection of the semispan load diagrams- Fcr
all positive—angles ofi attack tested, the tendency of the
location of the longitudinal centir of pressuce is to rt?-
ceda from the leading edge wit& an increase in flap span
(fig. 18). This recession i-s generally greater for the
larger :?lap deflec.fiion. .-

The ef”fec-tiveness fact-or when plctted as shown (fig.
19) pro”l~ides a means of~a~~rmining the normal-fcrce coef-
ficient of a similar &irfcil equipped with a 20 percent
ohord flap. An integration of the area under this curve
gives tk.e increase in !3~ in percentiga of the normal-
fo~Ee coeffici.ent-~ the plain wing at the same angle ~f
attack for any desired span of flap extending outhcard
frnm the plane of symmqtry. A decided dissimilarity is
noted in the curves for different flap angles, especially
at low angles of attack. For large ~lap deflections
(af = 6(3~) the effectiveness of adding t=- the flap- de- ..

creasss appre.ctably at high angles of attack f@r flap
spans of more than 60 percent rf the-wing Gpan; whereas at

:-.:r.,L~++.~F :.;.,-.
.
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small flap tigle-s (bf = 200j this effectiveness holds up
well until a value of flap span equal to 7’0 percent of the
wing span has keen reached. From a-n ins~~~fon of figure
19 it would seem that relatf~ely little is to be gained in
normal-force coefficient by extending the flap span of--an
airfoil-flap combinati~n of the type tested. beyond ’70 per”-
cent of the wing span.

Langl.’ey Memorial Aeronautical Laboratory.
National Advisory Committee for.Ae~onautics,.

Langley Field, Vs., January 24, 1936. ..
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TABLE I: Tapered U.S.A. 45 Airfoil

Specified section ordinates, root seCtiQn ,

,.
Chord, 116 inch-es——-—— .

‘Ztat-ion—-

3

1,25

2.5

.5

7’.5

:.0

1.5

20

25

30

40

50.

60

?0

:0

93

9!5

100
—-—

Thickness, 18 percent—
Upper

1.63

4.7’1

6,20

8.63

. “. 10.45 ,

..11.’?9 .

14.11

..14-38

14.24

11.0?9

9.60 -
,

7.47

?5.11

2.59

0
———

Section ordinates in percen~ chcrd.
St-ations in percent chord from L.E.

Lower

1.63

-.04

-.67

-1.52

-2.05

-2*5O

-3.20

.-3.51

-3.62

-3.68

-3,61

-3.40

-3.00

-2.44

-1.73 “

.

....—.

-.45

0
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Figure l.- Half-span tapered U.S.A.45 airfoil plan
form and orifice athtion looation.
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